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The purpose of the present study was to substantiate the necessity of compiling and recording the data on the concentrations of radioactivity-hazardous nuclides for building and structural materials for nuclear installations during the phases of design, operation and decommissioning.
Three types of shielding concrete compositions were selected for the investigation. Concentrations of radioactivity-hazardous nuclides were mainly obtained by neutron activation technique. Neutron transport calculations were performed in one-dimensional cylindrical geometry at the core mid-plane according to usual core-vessel-shielding model of modern VVER reactor unit including 2-m thick concrete shield. Both transport and activation calculations were undertaken using modules of SCALE system.
The obtained results allow estimating neutron-induced activation levels in the material as the function of irradiation time, amounts and categories of radioactive waste and their evolution during the decay time from 1 to 100 years. It was established that neutron-induced activity of shielding concrete strongly depends on the actual concentrations of radioactivity-hazardous nuclides in the concrete including 'trace' concentrations (other factors being the same). It was also shown that failure to take such concentrations into account may lead to the underestimation of neutron-induced activation levels and amounts of radioactive wastes and their category.
The obtained results confirmed the necessity of compiling and maintaining data records on the concentrations of radioactivity-hazardous nuclides for materials used in structural and shielding materials of nuclear installations. Proposals were formulated on the potential accumulation of information, composition and formatting of descriptors of chemical composition of shielding and structural materials of nuclear installations.
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Nuclear facilities; NPP unit; decommissioning; neutron induced activity; radioactive waste; radiation shielding concrete; descriptor Reactor core equipment, structural and shielding materials beecome radioactive under the effects of neutrons generated by the nuclear reactor. During the phase of decommissioning nuclear installations such structures act as the main source of radioactive wastes (RWs). The fact that such RWs are not decontaminable constitutes their specific feature.
Reactor vessel, internal equipment, metal structures, graphite cladding, concrete and reinforced concrete are the main activated structures and materials for NPP power units with different types of reactors and for research nuclear reactors.
The problem of activation of shielding materials, equipment and structural elements of nuclear installations is well enough investigated (Evans John et al. 1988 , Engovatov et al. 2005 , Engovatov et al. 1999 , Nazarov et al. 1991 , Bittner et al. 1984 , Ser. No. WS-G-2.1 1999 , Borisov et al. 1996 , Bylkin et al. 2017 . Induced activity depends on the radiation and physical parameters of the nuclear installation including neutron flux density and neutron energy spectrum, chemical composition of the irradiated material, values of respective activation cross-sections, irradiation and decay time, etc.
With all other conditions remaining the same levels of induced activity will be determined by chemical elements present in the composition of structural and shielding materials as the main components (mass concentration in the material over 1%), impurities (with concentrations from 0.01% to 1%) and trace amounts (with concentrations below 0.01% mass).
It is known from reference sources (Evans John et al. 1988 , Engovatov et al. 2005 , Engovatov et al. 1999 , Bittner et al.1984 that quantities of the so-called radioactivity-hazardous elements, on isotopes of which long-lived radionuclides are generated, are limited: among metals these include iron, cobalt, nickel; for graphite -carbon and lithium; for concrete of radiation shielding -lithium, iron, cobalt, europium, calcium, cesium and nickel.
Concentration in structural and shielding materials of such elements as europium, cobalt, cesium, nickel, lithium and carbon amounts to 10 -2 -10 -6 mass per cent. Concentrations of calcium and iron reach several and several dozen mass per cent.
Spread of concentrations of impurity and trace elements is extremely wide not only between different forms of materials of the same type, but even among the samples of materials of the same form. Data on the spread of concentrations of radioactivity-hazardous chemical elements in structural and shielding materials of nuclear installations in Russia, USA and EU countries are presented in Table 1 (Evans John et al. 1988 , Engovatov et al. 2005 , Bittner et al. 1984 , Bylkin et al. 2017 .
Data on the concentrations of such elements in the Earth crust are also given in Table 1 as the explanatory information (Voytkevich et al. 1977) .
Significant dispersion of concentrations of radioactivity-hazardous elements and incorrect determination of their contents in shielding and structural materials can lead to the underestimation of activation levels and, as the consequence, of volumes of radioactive wastes during decommissioning reactor installations , Engovatov 2011 , Engovatov et al. 2015 ). This conclusion is illustrated using the example of information on the activation of concrete radiation shielding of nuclear installations.
Calculations of levels of induced activity and volumes of activated RWs for radiation shielding concrete compositions were performed based on the data in , Engovatov et al. 2015 , ORNL-RSICC C-650 1998, ONL-ESICC DLC-185 1999, NUREG/CR-200 1995) for different binding agents for minimum, medium and maximum concentrations of radioactivity-hazardous elements, numerical values for which were collected as the result of analysis of their concentrations in samples from different deposits in Russia, USA and EU countries.
The following input data were accepted in this case:
• neutron fluxes and spectrum were taken in accordance with the data in , Engovatov et al. 2015 ); • Radiation shielding materials: serpentinite concrete, granite concrete and hematite concrete, i.e. concrete-based materials widely applied and already used earlier for radiation shielding of NPP and research reactors; • Irradiation time equal to 50 years; • Decay time equal to 1, 25, 50, 100 and 1000 years.
Some results of calculation studies are presented in Figs. 1 -3 and in Tables 2 and 3 .
Distributions of total specific activity of main longlived radionuclides determining the induced activity of serpentinite concrete for minimum, medium and maximum concentration of activation-hazardous elements are presented for the decay time from 1 year to 1000 years (see Fig. 1 ). The obtained data correspond to of the subsurface layer of concrete positioned in the vicinity of the reactor vessel.
The data presented in Fig. 1 allow formulating the following conclusions:
• Difference in the value of total activity can reach one order of magnitude for different decay times; • For different decay times radioactive wastes within the interval of decay time from one year to 1000 years will refer to different categories (Decree of the RF Government No. 1069 of October 19 2012) in accordance with Table 2 depending on the accepted concentrations of activation-hazardous elements for concrete compositions with different binding agents.
Distributions of total specific activity of main longlived radionuclides over the thickness of granite concrete radiation shielding are presented in Figs. 2 and 3 for minimum, medium and maximum concentrations of activation-hazardous elements for decay times equal to 10 years and 50 years, respectively.
Thus, thickness of activated layer of concrete radiation shielding will constitute significant value during the pha- Figure 3 . Distribution of total specific activity along the shielding thickness for minimum (1), medium (2) and maximum (3) concentrations of radioactivity-hazardous elements for irradiation time equal to 50 years and decay time equal to 50 years Figure 1 . Distribution of total specific activity of main longlived radionuclides for serpentinite concrete for minimum (1), medium (2) and maximum (3) concentrations of activation-hazardous elements for decay time from 1 year to 1000 years Figure 2 . Distribution of total specific activity along the shielding thickness for minimum (1), medium (2) and maximum (3) concentrations of radioactivity-hazardous elements for irradiation time equal to 50 years and decay time equal to 10 years Calculated data for total specific activity of activated concretes of radiation shielding are presented in Table 3 for different decay times and thicknesses of radioactive layer, which will determine volumes of RWs belonging to different categories.
The obtained results are important specifically for the phase of NPP decommissioning because of the generation of large quantities of non-decontaminable RWs (Bylkin et al. 2011 , Bylkin et al. 2016 ) the cost of final disposal of which is extremely high and significantly differs for different categories of RWs according to the levels of specific activity (Ivanov et al. 2015) .
For enhancing reliability of determination of activity levels and volums of radioactive wastes by the moment of decommissioning of operated NPP it is necessary to know for each specific case the chemical (element) composition of all structural and shielding materials in the reactor space subjected to irradiation with neutron fluxes.
Failure to account in the calculations for the concentrations of separate trace elements or their incorrect determination in shielding materials results in the underestimation of the volume of radioactive wastes during decommissioning reactor installations. This will negatively affect the costs of their final disposal, will lead to the miscalculation of volumes of radioactive wastes and to the underestimation of radiation impact on personnel, populations and the environment.
Analysis of design documentation for new nuclear installations demonstrates that selection of structural and shielding materials for reactor installations operated until the current moment and those finally decommissioned is performed during the phase of designing without in-depth analysis and determination of their chemical compositi-ons for defining concentrations of radioactivity-hazardous impurity or trace elements in their chemical composition.
Necessity to estmate the volumes of radioactive wastes due to activation, their classification and forecasting their variation depending on the decay time arises during decommissioning and preparation to decommissioning of nuclear installations (mainly power units of NPPs and research nuclear reactors).
Unfortunately, practically no information about concentrations of radioactivity-hazardous elements in radiation shielding materials (at the level of impurities or trace amounts) is available and so far there is even no understanding from where such information must be obtained and maintained.
Conviction on the necessity of development and practical implementation of descriptors of chemical compositions of structural and shielding materials has long ago taken shape among experts in protection from ionizing radiation.
Descriptor which must be included in the list of design documentation must contain, besides the characteristics already required at present, the following components:
• Macrochemical compositions of structural and shielding materials for calculating transfer of different types of radiation and estimating radiation resistance; • Microchemical compositions of structural and shielding materials for calculating their activation characteristics with indication of concentrations of impurity and trace radioactivity-hazardous elements; • Methodologies and uncertainties of determination of concentrations of chemical elements.
Such information can be obtained for materials of reactor vessel and metal structures using respective witness samples.
For shieding concretes witness samples are not used at present. Therefore, it is necessary to implement complex studies for obtaining experimental information about concentrations of radioactivity-hazardous elements in structural and shielding materials and in raw materials for their preparation. Results of these studies must be included as initial information in the data bank of activation characteristics of shielding concrete compositions of nuclear installations (Bylkin et al. 2018) .
Thus, availability of the descriptor will dictate already during the phase of design of new nuclear power inistallations application of such chemical compositions of structural and shielding materials which would allow generating in the course of decommissioning these nuclear installations minimal volumes of radioactive wastes, which will reduce the costs of the conditioning and subsequent disposal (burial) and will enhance competitiveness of the nuclear power complex in modern market conditions.
